ELECTROPHOFOIC APPARATUS 



BACKGROUND OF THE INVENTION 
Field cf the Invention 

The invention rdates to an electrophwetic apparatus for analyzing a 
smaD amount of protein, nucleic add, drugs, and the I3ce, and mom (^cidsuHy to 
an etectrophoretic e^Dparatus using an el^::trophoretic m^TA)er having a 
plate-shaped member in whidi is foniied one or a plurality of passages through 
which a sp^Anen migrates electrophoretically. 

Description of the Related Art 

Conventional^, an etectrophoretic apparatus has been used to analyze 
an extremely small amount of protein, ruideic add or the \he, represented by a 
capillary etectrophoretic ^sparatus. In the capllary electrophoretic apparatus, a 
glass-made capillary (hereinaftser caDed capillary also) witii an inner diameta^ of 100 
\m or (ess is filled with an electroii^retic mecGun and then has a specimen 
introduced at orve end thereof and has its both ends wetted a biTer liquid, 
tbxHigh whidi is applied a Ngh volta^ between the two encfe in order to develop 
an analysis-siigect ajbstance m the capillary. The c^iilary has a large surface 
area as conr?>ared to its vdume, that is, has a high coding effidency, so that a hi^ 
voltage can be affiled on it, thus qualifying it for use in analysis of an extremely 
small amoLBTt of a ^)ecknen such as DNA (cteoxyribo-nudeic acid) at a Hgh speed 
and a resolution. 

The c^iDary has a small outer cfiamet^ of about 1(X)-500 fim and is 
ea^btDken, tkis having a problem that the userfhds it cfiflficdt to replace it 
Ako, sometimes it may have insuflRcient heat nadbtion, which tes an adverse 
effect on a separated state- Furthemnora, since a vdta^ is sqspGed betweai the 
encb of the capillary through a buflfi^- liquid, it needs to have at least an extra 
i^^th requred for wetting with the IxrffiBr solution, thus bringir\g about a prdblem 
that it must have a certain design lerigtix 

To guard against thfe, there has been proposed such an aspect repladr\g 
a capillary that may be irrproved in arurfysis speed and apparatus size, disclosed in 



an item of D. J. Hanison et al/Anai Chenri 1 99a 

dectrophoTBtic mennb^ (hereinafter called electrophoretic chip also) which is 
fbnried by connecting two stdistratBa Ai example of the dectrophoreticchpfe 
shown in RGL 14. 

5 An electrophoretic 221 is comprised ofone pair of substratBS 221a 

and 221b nrade of a transparent plate-diaped inorganic material (e^ glass, quartz, 
aBcon <»■ the Ike) or ptetic in siK^h a cOTffiguration that, using a photoTrdiographic 
technology used in manufacturing of semiconductor devices or a micror-machbiing 
technology, mutually intersecting electror^onetic ca|:Mllary diannels 223 and 225 
ID arefwmed in one stAjstate 221b and, In the other stAstrate 221a, through-hobs 
O are fbnned as an anode reservoir 227a, a catiwie reservoir 227c. a q^ecim^ 
. n reservoir 227s, and a waste reservoir 227w at positions COTesponcfing to the ends 
It of these channels 223 and 225. The electrophoretic chqp 221 is used bi such a 

state as shown h RG. 14C, where the substrates 221a and 221b are connected on 



15 one another. Suc^ an electrophoretic dip has thus two charmels as fx^^ 



^ intersect with each otfi^ and, therefore, is also called a cross-xhannel type 

O electnvhoretic chip. 



ru 



When using this electrophoretic cKp 221 for electroprfwesis, priw to 
dialysis, an electrx^diorstic medum is delivered mder presame by, for example, a 

2D syrir^ga to fill the channels 223 and 225 and the reservoirs 227a, 227c 227s. and 
227wfnxn, for exanriple, the arKxlereservdr 227a Subsecpentiy, the 
electrophoretic medum iniected m the reservdrs 227a, 227a 227s, and 227w is 
removed to then injecta specinr^ into the specimen reservoir 227s con'esp<xKfr^ 
to one end of the shorter channel (^Dedmen injecticMi passage) 223 and a huffier 

25 solutKxi DTto the c*her specimen reservoirs 227a 227c and 227w. 

The electrophoretic chip 221 fSled with the electrophoretic medum, the 
specimen and the buffer BcMid is mourrted to an elect^^ 
Predetemruned voltage are applied on the reservoirs 227a, 227c 227s, and 227w 
to cause the specimen to electrophoretically migrate tlvough tfie passage 223 up 

30 to an int^is^on 229 of the passages 223 and 225. The voltages ^Ged on the 
reservoirs 227a, 227c 227s, and 227w sre switched so that a voltage applied 
between the reservoirs 227a and 227c at the ends of the longer channel 
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(separation passage) 225 may cause the ^)eCTnen presoTt at the intersMtion 229 
to be injected trto tt« passage 225. After tHsinjec&n, the sproimencc^^ 
the reservoir 227s is r^lac^ by the buffer liqiid After that electrophoretic 
voltages are appfied an the reservoirs 227a, 227c, 227s, and 227w to separate tte 
5 spedrrBH tiuis injected into the pas^ge 225 in this pas^ Adeb^jtor, 
cS^x>sed at a proper position along the passage 225, is used to detect a ^)ecimen 
tFujs separated by electrophoresis. It is spedficaliy detected using a 
absorpticMnetric fluororinetric, etectro-chenticaL or electric-conductivity method 
Also, ^jch analysis concfitbis as a design oFtte passages in the 
10 electrophonetic dip or a corrposrtion of the electrophcretic medLffn depend on 
use and q>edmen& An dectrophoretic d^p having a dffererit des^ 
^1 passages is descrft)ed in, for example, a repot of Yining SN et aL/AnaL CIioti 1999, 
m 71, 5354-5361 , in wNch the electrophoretic chip is provided with many separation 
» passaeasWdiher«hina.»falmanner. 

^2 15 Also, sudi an electrophonetic cNp is available that has straight channels 

s havbig no intersecti<»i Iherebetweea 

An electrophoretic apparatus using in analysis such an electrophonetic 
ry chip that has only one separation passage as shown in RG. 14 has a poor analyds 
'A effidency, thus suffering ftxxn a pnobl^ that it is not statable for amultan^xis 
^^20 analyas^ wtuch is desired recoTtly, of multiple testr-q>ecinrens. 



SUMMARY OF THE INVENmON 

ft is tlie first ol:^ect oFthe invention to provide an electrophonetic 
apparatus which can analyze muttip4e testrspecimens evoi with ^ch an 

25 dectnofrfK>netic mente^that has a simple configLffstion of passages. 

In order to attain the first object one aspect of an dectnophonetic 
apparatus of the inventiai uses an electrophaietic member in whidi one or a 
plurality of passages are fiDmied inside a plata^-shsqjed member of wNch hdes are 
formed reaching these passages at posftioris connesporKfirig to the 

30 these pas^tges arxi includes a voltage applicatic»i part for applying a voltage 
acrc^ the passa^ in tiie dectrophonetic mender, a detects 
specinr^n present in the passages in the dectrophonetic men4)er, and an 
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dectrxjphoretitrmember hddng part fx hddh^ 

members engaged in amiitaneous lec4ix^oretic operations. 

The dertrophoretic apparatus of the aspect can use a plurality of 
electrophoretic members dsposed on an dectrophoreticrinember hdd^ 
5 QonductelecbTjphoretkj analysis on multiple test-specimens at a tima 

Since the invention can thus reduce the number of separation passages 
per dectn3phoretic chip h electrophorstic analysis on multiple test-specimens, the 
lectrophofBtic chips can be manufactured more easily to thereby improve the 
yield, thus reducing the analysis costs. 
ID To conduct simultaneous analysis on multiple testrspecimens employing 

I different effectK^dectrophoretic lengths of the separation passages, a prior art 

^0 dectrophoretic apparatus needs to prepare one electrophoretic member provided 
vvith such a plurdity of separation passages vwth different effective electrophoretic 

lengths and so conventionally finds it diflRcult to conduct such an analysis on 
multiple test-specimens iMvisr the condition of multiple effective decb^oretic 
lengths. In contrast, the dech-ophoretic apparatus oftheinventioa which uses a 
plurality of electrophoretic members, can prepare a plurality of kinds of 
fy electrophoretic men*ers witii dfferent effective electrophoretic lengtiis to then 
select one of them that has an appropriate effective dectrophoretic length and 
20 rfispose it on the dec*n3phoretic-menr*erhdcfing part beforehand. tNjs 

conducting simultaneous analysis on multiple test-specimens under the condition 

of miitiple effective d»::trophoretic lengtiis. 

It is the second oyect of the invention to provide a detecting device to 

rBaCze a high S/H ratio of a detection signal 

25 

In order to attain the second olaect, anotiiw aspect of an 

electrophofBtic apparatus of the invention has a detecting part consists of a 
fluor«scentHight detecting device for detecting a fluorescent light in a detection 
range, the fluofBscentHlght detecting device comprising a first opticd system for 
30 focusing for irnageformatioa a light fix»m the detecting range into a slit hde; and a 
second opticd system provided witii a reflectiwr-type diffraction grating for 
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sqsarating a light Irom the ^ hole and focusing the liglit; for Imagp fbnnation, onto 
a detectBTg element 

It is the third object of the invention to provide a system to end^le an 
efectrophonetic apparatus to operate automatically. 
5 Inordertoattsunthetimiotyectf^ 

appard/tijs of the invention has an electrophoretic--mecfium f3ling mechanism for 
filfing an eiectrophoretio mecSum into the passages and the reservoirs through the 
reservoirs of the electnvlToretic men^^er and a specimen bijection mechanism for 
iniecting a sF^dmen into one of the resen/oirs; and a control part for controlling 
ID the electrophoretic apparatus includng the mechanisms so that they all may 
operate automatically. 

In recent years, such electrophc^Tetic chips are used that have a large 
chp sore or provided with a piuaCty of ch^vrels or even such straight clwtnels 
that have rw intersection between the diarinels. These chips all fall h the 
15 categ!M7 of the electrophoretic mmfcer of the invention. 

The term "passage" in the present invention includes not only such 
channels as slx>wn in the exanrples but also various diarmels ^ich as a c^3lary 
and a closed dianneL 



2D BREF DESCRIPTION OF THE DRAWINGS 



RG. 1 is a perspective view for shovvirig orie orixxJirr)^ 

inventiai; 

RGS. 2A-2E are lustrations for lowing one example of an 
25 dectrc^Dhoretic chip bi which the many separation passages are fomied and wHch 
are rnoiaTted to the enrfcodment shown in RG. 1, of which RG. 2A is a top view for 
shovwng one sttstrate, RG. 2B is a top view for showing the oth^ siijstrate, RG. 
2C is a tc^) view for showing a state where both sifcstrates are connected on one 
anotiier, Rd 2D is an expanded top view for showing a part encircled in RG. 2C, 
30 and RG. 2E is a cross-sectior^ viewfor dTOVwnga part of the separation 
passages of RG. 20; 



RG. 3 is a partial per^)ective shovvingan embocfrnent rf 

electrophoretic apparatus provided vwth a preferred fluorescerrHight detecting 
device; 

HGL 4 is a perspective viewfer showirigariotherfluorescerTH 
5 detectoig device; 

is a schematic configuration cSagram for showing an enrbocGment 
provided with a specimerr-flTjection monitor mechanism; 

RG. 6 is a flowchart for diowing operations of the emboc&nent of RG. 5; 
RG 7 is a plan view far showing a OTnpIified electrophoretic dip as well 
as an expanded fliustration fix showing an ffrtersection between a 
spedmar-injection passage and a separation passage whai a specimen is 
introduced; 

RGS. 8A--8G are fliustrations for showing an dectrophoretic chp 
which many sq>aratic«i passages are formed of which RG. 8A is a tcv view for 
showBTg one substrate, RG. 8B is a top viewfbr showing the other substrate, and 
RG 8C is a top view for showing a state where both substrates are connected on 
one another 

RG 9 Is a graph for showinga detection signal where spedmens, labeled 
witii four kinds of fluorescent materials witii cfiflfererrt fluorescent wavelengths, are 
separated and detected using tiie dectrophoretic chip of RQ 80; 

RG 10 is a schematic configij^oncfiagram for showing an e^ 
provided with another q^edmor-injection monitor mecharasm; 

RG 11 is a perspecth^ view fwshowbig a schematic conRg^ 
embodment in which operations ar^ mitomated 

RG 12 is a flowdiart fx showing an exaiT^rfe of the operations of 
enrixxf ment of RG 1 1 ; 

RG 13 is a flowchart for showir^ anotiier example of the operations of 
the embedment of RG 11; and 

RGS. 14A-14C are illustrations for showing a prior art dectrophoretic 
chp, RG 14A of which is a top view fix shovwng one substrate, RG 14B is a top 
view fix showing tiie other substrate, and RG 1 4C is a side view for showing a 
state where both substrates are connected one ot the other. 



DESCRFnON OF THE PREFERS) EMBODIMEhfTS 



RG.* 1 is a perspective view for showing one ^Td)ocEment of the 
5 inventioa RGS. 2A-2E are ilusbietic^ fix shovwrg om 

electrophoretic diip in which many separation passages are formed and which is 
mounted to the anboc&nent of HG. 1 , of whidi RG. 2A fe a top vfe w for showaig 
one substrate, RG. 2B is a top view fi3r shovwig the other siiDstrate. RGl 2C is a 
top view for showing a state where Ixrth sii>strates are connected on one another, 
10 RG 2D is an expanded top view for showing an encircled part of RG. 2C, and RG. 
2E is a cross-sectional view for showing a separatiwi passage part of RG 20. 

Rrstiy. the electrophoretic chip shown in RGS. 2A-2E shaD be descrS^ed 
An electrophoretic chip 1 is comprised of one pair of plate-^iap^ 
substrates la and lb made of an inorganic material (e^ glass, c^iartz, sificon or the 
15 Ike) or plastia The substrates la and lb measure, for exanrple, 1.1 mm in 
thidviess. 

One afcstrate lb has 16 pairs, each of which consists of a 
specimerHntroduchg passage 11 and a sqDaration passage 13 intersected with 
each other, formed in its stalace by a photdithographic techndc^ used in 

2D semicoTKluctor^-device marttjfecturing processes or by a micro-machbiing 

technology. The specimenHnrtroducing passage 11 and the separation pass^ 13 
measure approximately, for example. 100 fim in widtfi and 50 ^m in cfepth Each of 
these 1 6 pab^ of the passages 1 1 arKi 1 3 are amanged in a sector sh^ vw^ 
pivot thereof. CMie end sicte of the s^jaration passage 13 opposite the sde 

25 intersecting wth tte specim^HntrocbdngpasM^ 11 so that they cbrxTt 
intersect with the oth^ pairs. The substrates la and lb are fbmied in a sector 
shape so as to match the arrangement of the s^>aration passage 13. 

The oth^ substrate la has an anocte reservoir 15a, a cathode reservoir 
1 5c, a spedmen reservoir 1 5s, and a v^ste resen/oir 1 5w formed as through hdes 

30 therein at positions cOTeqjondng to the ends of the passages ^ and 13. The 
reservdns 15s and 15w are provided for each pair of passages 11 and 13. The 
anode reservoir 15a is provided common to each one end sde of the separation 



8 



passage 13 of each pair on th pivot side in th sector-shape an^ang^nent The 
cathocterBservoir IScisfbrnedinan longatedhol common to the other end 
side of the separation passage 13 of each pair. 

As shcfm in RG. 2D, the spedmerrintrcxtoTg passage 1 1 extencfing 
from the specimen resen/oir 15s and the specimen-introducing passage 1 1 
exbmdngfrom the vy^tste reservoir 15w are connect^ to ti^ separation passage 
13 with a spacing of, for example, 100 ym therebetweea 

The electrophoretic chp 1 is used in a state where both ^strates la 
and lb are connected on one another. 

Sudi an electrophonetio chip is called a multi-xhannel micrcrnchip 
because it has many separation passages formed therein. 

The electrophoretic apparatus diall be descrft)ed asfbllovy« with respect 

toHQI. 

A dsk-shaped muhi-chip turn table (electro|Jioretic-merTi)er holding 
part) 3 is provided On the table 3 are held, for example, 10 steets of the 
electrophoretic dips 1. These 10 electr<^}horBtic chips 1 are evenly spaced in 
arrangement on the table 3 in six^h a marvier that tiie substrate la h which are 
formed the reservoirs 15a, 15c, 15s, and 15w fiaces upmrd and also that the pivot 
of their sector sl^q^es is oriented toward the cait^^ Thisarrangenwrtofthe 
lectro|:*iorBtic dips can be realized by, for example, forming in ihe surfece of the 
table 3 a recess in corespondence with the sector shape of the electrophoretic 
chips 1 befbrel^d or by fbnrning aljgnnriaTt holes in the electroj^Krotic chips 1 so 
that pins or any ether pnotrucfing members may be arrar^ed at position 
connesponding to those hdes. The table 3 is provided wrtii a mechanism (not 
shown) for rotating the t^le 3 using the center of the table 3 as a rotation axis in a 
place in which the electrophanetic chip 1 is held 

Near the table 3 is provided a spedmen dispensing mechani»n fitted 
with a spedmen transfer head 5 and specimen plate 7 for containing many 
test-^cimaisatatima In the figire, a part not constituting the head 5 of the 
spedmen cBspensing mechanism is not showa The head 5 is provide! with eight 
nozzles 5a in comespondence with the positions of the acfiacent eight specimen 
reservoirs 15s of the electrofrftoretic chip 1 . The speconen plate 7 has a well 7a 



formed thaTein for 384 holes (24 x 16) for containing test-^ecimens, 
correspondng to a spacrr^ betw^n the nozzles 5a of the head 5. 

Though not showi, near the table 3 are arranged a voKags appBcation 
part provicted with eiectnDdes at the req^ective portions comeqxMicfing to the 
reservoirs 15a, 15c, 15s,and 15woftiieelectrophoretk:chq3 1 and a detection part 
for detecting a specinnen h the separation passage 13 of the electrophoretio chip 
1. 

The operations of this electrordioretic qoparatus shall be descr3>ed with 
respect to FIGS. 1 and 2A-2E as follows. 

BeforeharKJ tJ% passagies 11 and 13 are filled with a s^>aration medum 
to then, arrange on the table 3, 10 sheets of the electrq:)horetic chips 1 eadi 
havBTgtte reservoirs 15a, 15c. 15s, and 15w filled with a buffer Iquid Although this 
exanrple uses the electrqDhoretic chip 1 fiO^ a separation medim and a 
buffer Rquid befwehfiHid. the iwertion is not linnited to this exm^Ae; for example, 
near the table 3 may be provided a dispendng mechanism for irijecting an 
electrophoretio niedum or buffer licpd. so as to fill the electrophoretic chip 1 with 
the dectrophoretic medum after the electrophonetic chips 1 are ananged on the 
table 3. 

Using the table 3, the eight specimen reservoirs 1 5s into which a 
spedmen is to be dspensed firstly are aligned with a spedmen dsf^ising position 
9, 

Using the specimen dspensing mechanism, head 5 is diven to suck the 
test-spedmens contained h the eight dflferent wells 7a h the specinnen plate 7 
into the eight nozzles 5a respectively to then nrK>ve tJ^ head 5 to the dspensing 
position 9, thus dspensing the testrspecimm ihus sucked in the nozzles 5a into 
the eight spedmen reservoirs 1 5a sinmjitaneot^ly. 

After the head 5 is lifted by the spednnen dspensing mechaniOT\ the 
tdiAe 3 is rotated to position the next eight ^:^cimen reservoirs 15s at the 
specimen dq^endng podtion 9. Then, the above--mentior>ed specimen dspensing 
qperations are performed to dispense the test-specflnen into the eight spedmen 
reservoirs 15s simultaneously. 
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The table 3 is used to seouentially align the specimen reservoirs 1 5s with 
th spedmendspeosffig position 9 to pern* the sped^^ 
to cB^)ehse the qjedmens sequentidly into the q^edmen reservdrs 15a 
Thus, the test-specimoTs are dispensed automatically. 
5 After the ^sedm^ are d^i^nsed into all the specnnen reservors ^5s 

of the dectrophonetic chips 1 arranged on the table 3, an eiectrocb is arranged to 
each oFthe reservdrs 15a. 15c 15s, and 15w oFeadi oFthe electrcYdioretic dips 
1. The vdtage plication part is used to apply a ixedeterrru^ 
introciice the specimen contained h the specimen reservdr 15s via the specimen 
10 introducing passage 11 into the separation passage 13, through v\4iich the 
Q specimen is separated and migrates electrophoretically toward the arKxie 

reservoirs 15a in the separation passage 13. 
cn For exarrq:^ a detector for identifyiTg for each sqaaration passage 13. 

and detecting a separated conrponent near the anode reservoir 15a of each of the 
J5 separation passages 13 is arranged, thus detecting the separated component of 
- thespedmea The detecting metiTodhowev^Jsrwrtlirnibad to tHs; fx exstf^ 

such a detector may be used that detects a dstribution of separated comp(»ients 
ry of a spedmen witHn a predetemiined range of the separation passage 13 afterthe 
p specimen is separated and stopped in electrcY)horetic migration in the separation 
'^^20 passage 13. 

Thus, by the |xes^ ^nbodiment. a plurality of dectro|:4K»ietic chips 
with a simpb passage caifig|L.n^on can be used to ar^rfyze a pturafity of 
test-^pecffneris simuftarieously. By ctecreasing the number of the separation 
passages p^ electro|:^retic chip and using a plurality of the dectrophoretic chips, 
25 a higt) throMetv>trt: can be reafized TlisdrnpOftesthemanufacturirigofthe 

dectrophoretic chips, thus enablirtg increasing the yield in the productbn of the 
chipsw 

Although the present embedment has used a pli^ity of the 
dectrophoretic cHps 1 having the same configuration, the invention is riot fimited 
30 to it; fcr example, a plurality of kinds of the dectrophoretic dips 1 hawig cfiflferent 
effective dectrophoretic 1^^^ of the separation passage may be arranged on the 



tables. Thb enables sffntrftaneous analysis of a pb^^ 
the concfition of the midtple effect I cftrophoretic loTglha 

AltlTOugh the present embodiment has an^nged a ptirafity of the 
electrophoretic dips 1 ot the cfisk-dTaped tetole 3 constituting the 
5 electrc^oreticr-memb«- holdng part, the inverrtion is not ftnited to it; for exanple, 
tte electrophoretic-m^Tiber hdcfir^ part may be of any configiuration as fiar as rt 
can hold a phjrafity of electrophoretic chps at a time. 

Furthermore, the dectnophonetic merTi)er that can be used in the 
invention is r>ot limited to such an electrophoretic chip 1 that is descrbed in the 
ID pre^nt embodiment ixitrnay be ^ic^ that is provided 
of separation passages. 

In the present emtodment, the electrophoreticrtTierT4)er holding part 
has a function to hdd a pluaTrty of electrophoretic rrombers on a planar member 
to then rotate this planar member in a plane in which these electrophoretic 
15 members are held in order to sequentially arrange each one end of the passages of 
the plirality of dectrophoretic menri)ers secjuentiaUy at the spedmen dspensbig 
position and dso is provided with a dspensir\g mechanism for cGspensing 
specimens into hdes comesponcfing to each one end of these passages arranged 
at that specimen dispensing position, thus enabBng automaticdiy dspensing 
2D spedm^^ 

For detection in an dectrophoretic appara*us, typicdiy a specimen is 
labeled In a fluoncr-metric marwier beforehand and therdjy detected by a 
fluoro^Tietric method 

Afthough there are many types of the fluorescent-fight detecting device, 

25 a fluorescenHight ctetectoig device preferred in <xder to realize a high S/N ratio of 
a detection signd is such that irxdudes a first opticd system for 
fbnnation, a light fixjm a detecting region into a slit hde and a second opticd 
system which is provided witii at least reflectionr-lype dflfraction grating to 
separate a light from the slit hde in order to form an image on a detection d^wt 

30 RG. 3 is a partid perspective viewfor diowing an embodiment of an 

dectn^oretic apparatus equipped witii aich a fluorescent-fght detecting device, 
drawing only one electrophoretic chip. 



The eledrt^honetic chp 1 is sach as shown in RGL Z in which it is held 
ai an elect7ophoreticr-di|) hddng table 4 with Its surfece in which the res^oirs 
are formed fedngLpward Thedectrophoretic-xhiphdcfiTgt^^ 
tothemultrxhiptumtable3ofRG.1. The etectrophoretic-t^ 
prodded with a Pertier-effect temperature regulation mechanic 45 for regulating 
the temperature of the dectrophoretic oh?) 1, Opposite the Perti«^-effect 
tenrperatiaie regulation mechanism 45 is provided a fan 47 for ventilating the 
Pertier^effecttempo^tureregul^^ An dectrophoretic chani)er 

lid 49 is provided to cover the sirface of the electrophoretic-chip hddng table 4 
on which the dectrophoretic diip 1 is held 

Near the electrophcanetic--chq3 hddlng table 4 are provided a 
polymeHnjectingport51 and a pdymerHnjecting syringe 53 fcr inject^ 
as an dectrophoretic mecGum into the passages and reservdrs of the 
dectrophoretic chip 1 held on the electrophoretic-xhip hddrig table 4. 

On the surfece side of the dectrophoreticr-chip hdcfing table 4 on which 
the electroF^ioretic dip 1 is held is provicted an electrode 55 for each of ti^ 
reservoirs 15a, 15c, 15s, arKl 15w of the dectrophoretic chip 1 for appiyinga 
voltage on the Equid conta'ned in these reservoirs. Each dectrode 55 is conriected 
to a high^dtage supplying part 17 for supplying a voltage thereto. 

As a light source of the fluorescenHight detecting device is provided an 
excitation light-source laser device 19. The laser device 19 n^y be of a variety of 
types such as argon (Ar) laser, kripton (Kr) laser. heBum-neon (He-Ne) laso^, 
Nd-ton sdid faser made of neo<fium (Nd)-Yag (YaA^iz) and tte Ike, 
semiconductor laser (Laser Diode: LD), sc^ d \aser utilizing the phenomenon of 
(^cd second hannc»iic-"wave generation (SHO). 

Along an opticd path for an excited light from the laser device 19 is 
provided a beam expander 21 for collimating the excited light Along an optical 
path for the excited Bght from the beam expander 21 is provided a beam scanning 
element 23 for scanning the excited Bght such as a galvano^imor or AOD 
(Acoustor-Optics Device), 

Along an opticd path for the excited Bght from the beam scanning 
element 23 is provided cfichrofc rmror 25 for reflec&ig the excited light from the 



beam seaming dment 23 toward the electrophoretjc chp 1 side. The dchrdc 
iriinDr 25 to be employed has sudh a wavelength characteristic that reflects the 
excited yrt and transmits a fboresc^ li^fhm the dde of the el^^ 
chf) 1. 

5 Along an optical path for the excited light reflected by the dichrcsic 

25 is provided an objective I«ts 27 for converging tiro excited light through an 
opertingfimied m the dectrophoretic diamber lid 49 to a detecting region 29 (see 
RG. 2 also) of the s^>aration passage 13 of the electrophoretic chip 1. 

On the side of the cBchrdc nrwror 25 <wosite to the objective lens 27 is 
ID provided a removing fBter 31 for renroving excited light components. Alor^ 

optical path for the fluorescert light wWch passed through the removing filter 31 is 
provided a lens 33 for focusing, for image fwmaticMT, tiie fluorescent light to a slit 
35 in which an elongated hde bfbnned comesponding to the detecting r^ion 29 
of the electrophoretic chip 1. 

35 Along an optical path for the fluoresceritBght from ai elongated hole <rf 

the slit 35 is provided a concave holographic grating (reflection-type concave 
grating) 37 for separErtnig the fluorescert and fbciBing; for im£^ fbrmatiorv it 
onto a receiving surfiace of a coded CCD (C^iarge Coined Device) 39. 

To tiie cooled CCD 39 is coTBiected an operating device (not shown) fbr 
2) processing a detBction signal ofthe cooled CCD 39. 

The fluorescent-light detecting devbe serves to detect separated 
specimens by detecting a fluorescent light at the detecting region 29 of the 
s^aaration passage 13 of the electrophoretic chip 1. By sqwratrngthe ftiorescoTt 
light fiiom tiie detecting region 29 by the grating 37, a plurafity of fluorescent light 
25 wavdengths can be detected 

In this embocEment. the fluorescentHight detecting device is comprised 

of the excitation Bght-source laser device 19, the beam expander 21, the beam 
scanning demoTt 23, the cfichroic minor 25, the dgective lens 27, the removing 
filter 31 . the lens 33. tiie slit 35, the grating 37, and the cooled CCD 39, in which 
30 tiie first optical system is made up of the dichrdc mirror 25, tiie objective lens 27, 

tiie removbig filter 31, the lens 33 and the sfit 35 and the second optical system is 
made up ofthe grating 37. 
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The operations oFthe electrophorefdc a|:^>aratus ^ha& be described below 
with respect to HGS. 3 and Z 

The electrq^horetic chamba^ Gd 49 is rerroved to put the 
bctrophoretic dNp 1 at a predeterrrHned positk)n on the electrophoretic-^ 
5 holding station 4 and then move the polynrier-iniecting pert 51 to junction it to the 
reservoir 15a of the electrx^horetic chip 1. The polymer contained in the syrinx 
53 Is jHJshed out aid infected through the polym^Hnjecting port 51 and the 
reservoir 15a into the separatioi passage 13 end the spedmerHntroducir\g 
pass£^ 11 totheM 

10 A buffer is irijected hto the reservors 15a, 15o, and 15w and a specimen 

O is injected into the spedmen resovoir 1 5s, to aD of wWch reservoirs is then 
anryiged the electrode 55 to sii>secMently attach the ^ 
49 to dose the chamber. The Pertier^-effecttmperatLa^ regular 
^ 45 and the fan 47 operated to regulate tl^ electrophoretic chip 1 and the 
15 interior of the electrophcxetic chanrd^ at a predatermaied tenrq^erature. 
The electrophoretic high~voltaga |X)w^ si4)p^ 
predetermhed voltage on each of the electrodes 55 to introduce the specimen 
contained in the q>ecimen reservoir 15s into the spedmerHrttroducrtg passage 
1 1 , after v^ch the vdtages a|:^lied on those electrodes 55 are switdied to 
2D tntrodice the q^ecimen at the irrtersection between the specffnerHntroducir\g 
passage 1 1 and the separadoi passage 13 into the separation passage 13. The 
spedmen ^nus Introduced in the separation passage 13 is permrtbed to 
electrophoreticaDy migrate toward tl^ arxxie reservdr 15a and then separated 
The excitation right-s<xirce laser device 19 b operated to api:^ an excite Sght 
25 through ti^ beam expands 21 ard the beam scanning elernent 23 to the dchrdc 
minw25. The exdted light is reflected by the ddirdcminw 
objective lens 27, tivwgh which the excited li^ is applied hto the detectnig 
region 29. At the same time, the beam scanning denri^ 23 ^:arvs the po^'on^ 
which the excited light is allied c^ito the dchroic mirror 25 so that the excited 
30 light may be scanned in a drection (see an arrow bi RG. 3) in which the sq>aration 
passages 13 are arrsaiged in th detecting region 29. 
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Th Eght from the detecting neg^ 
27 to provicte a colBmated ight, which is then sent to the dchrDic mirror 25. The 
dchroic mnw 25 transmits the light from the objective lens 27 to the removing 
filter 31. The removing filter 31 r»iK>ves the excitedHight a 

5 which has passed through the cfichroic minor 25 to pass only such a fluorescent 
Bght that has a ixedetemmed wavelength to the lens 33. The lais 33 converges 
the fluorescent light from the removDTgfilt^ 31 to an elongated hole in the sfit 35. 
The fkiorescent light after passoTg through the elongated hole in the sBt 35, is 
appGed to the grating 37. The grating 37 separates the fluoresceritli^ from the 

0 slit 35 to focus it for inragefbniiatiori. onto ^ 

CCD 39. Based on a ctetection signal from the cooled CCD 39, the specimens 
labeled in a fluorescent manner are detected 

The configuration of the fluorescent-fight detecting device shown in HGL 
3 can be changed variously. In fact any configuration is accept^le as far as the 

5 first optical systOT can fcxujs, for irregefiDrm^ 

into the slit hole and the second optical system is provided with at least a 
reflection-type dffraction grating to s^Mrate the light fiwn the sTrt: hole and focus 
ftfbrinriagefbmiation,Ofto Also, the optical system 

includng a fight soBTce, for applyrig an excited light may be of any configuration; 

3 for example, the light source may be an LED (Ught Emitting Diode). 

Although the fluorescent-fight detecting device shown in HQ. 3 uses as 
the second optical systOT only a concave holc^r^Nc grating which is ^ 
reflectiorrtype concave grating, the second optical system of the invoition is not 
limited to that but may be a conbinatioi of a coTcave minor and a reflectiorrtype 

5 planar gratBTg 

Also, atthough the above detecting device employs such a system that 
uses a beam scanning element to scan an excited light h the detecting r^on as 
the optical s^^tem for applying an excited light to the detecting region, the optical 
system is not limited to that but may be any optical system as far as it can apply 
) an excited Fight to the cfetecting region, such as an optical system for affpi^hg a 
liner-shaped excited Bght to the detecting region or an optical system for applying 



an excited light to the ctetecting regicxi from the side surface of the dMtrophoretic 
chp. 

The fluorescerrtHight detecting device shown in RG. 3 includes the first 
optical system for fbcxising for irrage fbmiation, a light from the detecting region to 
5 the sfit hole and the secoid opticd system provided w 

dffraction grating to sqsarate the light from the sBt hole and focus it for image 
fbmiation, onto an detecting element to ther^y separate the Gght frrni the 
ctetecting region using the reflection-type cfiffractiai grating having a higher 
dffraction efficiency tlwi the that of a transparaTt cfiffraction grating tiius enabling 
ID realizing a high S/N ratio for the detection signal at the detecting elerront 
FurthernK)re, even in det^:tion of a fluorescent IjgK 

covers a plurality of detecting positions, the cross-talk can be reduced by the high 
imageHbrmation dianacteristics of the reflection-type diffrswtion grBtin& 

By provicfing such a configuration that a reflectiorrlype concave gratir>g 

15 is provided as the reflection-type cfiffraction grating and also that the second 

optical syst^ is cmnprised of cviiy a reflection-type concave grating, it is possible 
to separate a fight from the slit hole and focus it for image fbrmatioa onto the 
detecting elwTWTtvvrtiTout using su^cptical systems^ This 
sinplifies the oonfiguration of the device. 

20 RG. 4 is a perspective vbw for shovvir\g another fluoresc^T^^ 

detecting device. 

In the electrophoretic cHp 1 is formed a plurality of the separation 
passag^s 13, at a fMBdet^rnined position along which is provided the linear 
detecting region 29. A laser device 59 provided beside the electrophoretic chip 1 

25 causes an excited light to be applied to the detecting region 29 and sbnultaneously 
to a plirafity of the separation passages 13. 

A convergence fais 61 provided above the electrophoretic chip 1 
collimates the light from a specific one of the separation passages 13 in the 
detectir^ region 29- This col&na1»i fight is s«Tt through a removing filt^ 

30 rOTK>ving a laser beam to a transparent diffractiOT grating 65. Thetranspar^ 
diffraction grating 65 separates the collimated light from the removing fitta^ 63 to 
focus it for image fbrrmtion, csTto a CCD 69 through an image-forming lens 67, 
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Tte Oghts with dffene^ 

positions on the CCD 69. Based on a detection signal from the CCD 69 
calculated an intoisity of a fVBdetermined fliKMiescQTHight vs^denglK By tiuis 
cheddng the inbOT^ of the fluorescent-Bght wavd^glh, it is posable to decide 
5 the presence of a fluorescent nnaterial whidi emits a fluorescent light in tte 
detecting region 29. 

In the fluorescent-Bght detecting device shown in RGL 4, by moving 
toward ^ detecting region 29 the dectrophoetic dvf) 1 or the optical system 
irxshicfrig the convergence lens 61 , the removing filter 63, the transparent 
ID cfiffraction grating 65, the image fbnning lens 67 and the CCD 69, the ftjorescent 
light is detected over a pliffality of the separation passages 13 in the detecting 
^8 region 29. 

In the electrophoretic apparatus udng an dectrophoretic cNp, when a 
;^ voltage is eqsplied to guide a specimen bijected in the specimen reservoir to an 
Cn 15 intersection between the spedmerrintroducflTg passa^ and ti^ separation 

eg 

s passage, the specimen should be cEstributed uniformly throi^tout d<xig the 
spedmenHntrockicing passage; that is, such irijection concfitions for giacfing a 
f U suffident amount of the specimen to the intersection between the 
\t spedmerHntrodudng p^sage and the separatk)n passage as a value of a vdtage 
M 20 applied across the passages and a voltage appScationtirne era temperate 

be cBscussed for each passage design or specimea Conventic^ly, the iniection 
condKions have be^ dscussed using a nrK)r0tor cfifferent fl^m the dectrq^horetic 
apparatus. 

Howeva^, when the electrophoretic chip is mounted to th^ 
25 lectroF^ioretic apparatus and a vdta^ is apf&ed to guide a specimai to an 
intersection between the q^ecimerHntroducirig passage and the separation 
passage of the electrophoretic cNp uncterthe oijection condHJon obtained using 
the above-mentioned monitor, the sanr^le scmetimes cannot be cGstrbuted 
uniformly throug^K)ut the specimerHntrocbcing passage by some disorder. 
30 Although tiie result of measur^fnent obtained when the ^^edmen is injected into 
the separation passage urKia^ the cc»idition that the specim^ is rK>t cEstrbuted 
uniformly throughout the spedmerHntrodJcing pas^ge is defident in reliability, 
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the spedmen cfs1r33ution along 
iniected therein could not be confirTrod 

The fblbvyfflTg wBI descrfljB an embo^ 
apparatus provided with such a specimen-irHectlon monitor niechanism that 
5 detects a specimai cEstrftnition along the specimen-iniectron passage indudngat 
least the [ntersection between the ^)ecinienHniect passaga and the ^paration 
passage to improve the reliability of the measurement result 

RG. 5 is a schematic configmration cfiagram for showing one embedment 
of an electrophoretic spjaratus provided with such a spedmen-iniection monitor 
3D mechanism. The electrophonetk; dip 1 shown in RQ 5 is the sarro as that of RQ 
Z 

The electrophoretic d^ 1 is held on a dnip hdding station (not shown) 
with its surface h wNdi the reservoirs are fbnned facir^ The chip hdcffng 

station is provided with a temperature regulating rredianism for regulating the 
35 tenrperatureofthech?) 1 

Such an exdtation light-source laser device 71 is provided that is 
commonly used in a s^>arationrpeak detecting optical system and a 
specBTienHnjectionnfTonitor optical system wh The 
laser device 71 may be of a variety of types ^jch as argon (Ar) laser, kripton (Kr) 

2) laser, heBum-neon (He-Ne) laser, NdHon solid laser nr^ade of neodloD (Nd)-Yag 
CYaA^Oij) and the Bte. semicondictor laser (Laser Diode: LD), solid bser utiliang 
the phenomenon of optical second harmonic-wave generation (SHG), 

Mong an optical path fix an excited Bght from tiie lasa^ device 7 1 is 
provided a beam expander 73 for colBmating the excited light Along an optical 

Z path for the excited light from tfw beam expander 73 is pravkled a movable 
reflection mimor 75 which is moved betweai a poatioi indcated by a solid loie 
along the optical path and a position indcated by a brd^^i line out of the opticd 
path. 

Afong an optical patii for the excited light reflected by the movable 
30 reflection mmr 75 is provided a loTs 77 for expandng the exd^ Along an 
optical path fixthe excited Bght from the lens 77 is provided a dchrofc mirror 79 
arranged on the side of the bottom of the diip 1 (o(^>osite the aaface hrt wfisch the 



reservoirs are formed) for reflecting the excited 5ght from the lens 77 toward the 
bottom of the chip! Th dchroic mirror 79 to be mployed has sudi a 
wavelength characteristic ihst reflects an excited light but transmits a fluorescent 
light from the side of the chip 1. 
5 On the ade of the cfidroic mimor 79 opposite to the chip 1 is provided a 

spedtroscopiof^tt&rB^. The spectroscopic fih»- 81 tranOTiits only such a light 
corT?X)nent that has a prectetemihed wavd«^ of the fborescent Fight from the 
chip 1 which has passed through the cBchrwc rrirror 79. The specifications of the 
cGchrcHC minxDr 79 and the spectroscopic filter 81 are debemnined by a fluorescent 

ID material used for labeling the spedmen and a wavelength of the excited light 
oscfllated by the laser device 71 . 

Alcxig an cH>tical path for the fluorescerit light wWch has p 
the spectroscopic filter 81 is |WT)\4ded a leris 83 fcr focusing for irnage fbrmati^ 
the fluorescent light on a light recdving surface of the CCD 85. 

15 To the CCD 85 is connected a CPU (Central Processing Unit) 87 for 

contrdnng operations thereof and processing a detection signal of the CCD 85. 

The movable reflection minor 75, the dchroic minor 79, the 
spectroscopic filter 81 . the lens 83, and the CCD 85 make up a sproimen-BTjectiai 
monitor optical system 89. The monitor optical system 89 detects a fluorescent 

20 label alc^ the specimerrintroc&Kiing passage 1 1 and the separation passage 13 of 
thechp 1 to thereby detect a specirrondstrflDutiOT at these passages 11 and 13. 

In the monitcr optical system 89, the lens 77 may be omitted h c^ 
that the cfiameter of the outixit yit of the beam expander 73 and the design of 
the passages of the chp 1 as for as an ^cited light can be at teast appOed to the 

25 intersection betwve«i these spedrnerHrrtroducirtg passage 1 1 and sq3aratic»i 
passage 13. 

The laser device 71, the beam expander 73, the CPU 87, and the monitor 
optical system 89 make up the ^>edmerrinjection monitor mechanism. 

Areflecti«iminor91 k provided along an optical path for an excited light 
30 from the beam expander 73 when the mo>^le reflection mimor 75 is at a po^on 
indicated by the broken line. Along an optical path fw the excited light reflected by 
the reflection mirror 91 is provided a cfichroic mimor 93 which is ananged on tte 
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surface ade of the chp 1 (in wWch tte resovdrs are fiwroed) for reflating the 
excited light from the reflection dip 1. The 

cfidiroic rvkror 93 to be employed has such a wavelength characteristic that 
reflects an excited Gght aruJ transmits a fluorescent Tight from the side of the cNp 
5 1. 

Along an optical path for the excited light reflected by the drchxxc mhor 
93 is provicbd an objective lens 95 for conv^iging the excited Gght in a detected 
position along the separation passage 13 of the chip 1. 

On the side of the dicl¥dc mirror 93 opposite to the objective ler^ 95 is 
10 provided a spectroscopic dement 97. The spectroscopb eiem^ 97 separates a 
fluorBscentlig^ from the chip 1 vvNc^ has passed thrxxigh the objective leris 95 
and the cfichrdc rnirror 93. The spectrosccpic dement 97 empl<^ed rnay be, fcr 
CO ex^rple, a combination of a spectroscopic fSter panel effid a wedge pr^ or a 
;^ transmisson type grating. 

15 Along an optical path for the fluorescent Gght \A*iich has passed through 

r the spectroscopic element 97 is provided a lens 99 for fbaishsfbr irnage 
fbmiaticNi, that fluorescent Gght on a Gght receiving surface of a CCD 101. 
ru To the CCD 101 is connected a CPU 103 for controffing operations 

thereof and processing a detection serial thereof. 
H= 20 The reflection rraror 91, tte cBchnoic mirror 93, the objective lens 95, the 

spectroscopic d^n^ 97, the lens 99, and the CCD 101 makei4>a 
sepaiation-peak detectir^g opticd s^tem 105. The detecting opticd system 105 
detects specimens separated when a fluorracent kbe\ is cbtected at a detected 
position dongthte separation passa^ 13 of the chp 1. By separating a light frOTn 
25 the detected position usingti^ spectroscopic element 97, a pbraBty of kinds of 
fluorescent \Ara[vdenglh can be detected 

The l^r device 71, the beam expander 73, the CPU 103, and the 
detectir^ optical system 105 make up the detecting rrodwiisnn 

On the surface ade of the chp 1 is provided an electrode 107fbreadi 
30 of the reservoirs 15a, 15c, 15s, and 15wofthe chip 1 for af^lyir^ a vdtage on a 
liquid cwitained in tiiese reservoirs. Each electrode 107 is connected to a 
high^dtage si^^jlying 1 09 far aipplyfrtg a high volta^ to the declrode 1 07. 
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The high-voltage stpplying part 109 is connected to the CPU 87, which controls 
Its qsOTtions. 

The electrode 107 and the high-^vdtagp supplying part 1(» make up a 
voltage-suppfyaigmechaniOTi, whOethe CPU 87 implements a control part 
5 no. 6 is a flowchart for shovving the operations of this emb^ HG. 

7 is a conceptual plan view for ^xwing one pas^e of the chip 1 as well as a 
corrceptual expanded c&gram for showing an irr^ 
spedmerHnjection passage and a separation passage when a specim»i is 
introdiced The operations of tWsQirbocfirneritshaD be descrS^ 
10 reference to RGS. 5-7. 
□ An eleclrophonetic mecfeim is injected into the specimenrinjection 

passage 11 and the s^^aration passage 13, a ixiffer licMid is irijected into the 
W reservoirs 15a, 15c, and 15w, anda specimen is injected into the reservoir 15s to 

ry 

^3 then mount the chip 1 tN^ filted with these on the chipHidcfirig station (step SI). 
5^ 15 An dectrode 107 is putfbrvard into the reserve 

= 15w to cause a highr^oltage supplying psrt 109 to apply through the electrode 107 
Q a ^}ecim«i bitrodicffig vofta^ on these reservdrs 15a, ^5c, 15s. and 15w under 
^ the pre--dscussed injection coTKiition (sti^ S^. Then, the specimen thus iiiected 
Q in the resent 15s starts to spread in the spedrnerrHnlr^ 11. 
■"^ 2D ThemorAoropticdsystaTi89isusedtomorwtoraspecinr^ 
in the ^Decimerrintroducing passage 1 1 (step S3). 

The (derations shall be descrbed as follows: Rrsdy, the movable 
refl»:tion mirror 75 b moved to the sdid Gne position to cause the laser device 71 
to oscOlate an exdted Gght The excited Gght from the las^ device 71 is cotOmated 
25 by the bean exparxier 73. The exerted Gght tluis colEmated b reflected by the 
movable reflection mirror 75 and made incident to the monitor optical system 89. 
The excited light fiiom the movaUe reflection mirror 75 is expanded by the lens 77 
and then reflected by the dchroic nurror 79 to be applied to the back dde surface 
of the chp 1. Thus, the excited Ight is ^lied aD ov«^ to the specimen-introducing 
30 passage 11 and to the s^Daration passage 13. 

The spectroscopic filter 81 transmits toward the lens 83 oriy a 
fluorsscenHight component with a predetermined wavels'^ of a fluoresc^it 



liiJit from the chip 1 aj^lied to the spectroscopic filter 81 through th ddnroic 
mirror 79 so that thus trariarritted fluoresce light may be focused by the lens 83 
onto the CCD 85 for image fbrrnatiori. The CPU 87 coriverts a detection signal of 
the CCD 85 into ffli image file a data to thereby monitor the specimen cGstrftxjtion. 

The CPU 87 decides whether the specimen dstrtoution is unifbnned in 
the^jedmenHrrtrodudngpassa^ll (stepS4). Thus, it can be decide whether 
such an amourrtofthe specimen is inrtroduced to the intersectlOT lOthatis 
erK>ugh for separation and detectioa 

If it is decided that the spedmoi dstribution is not imifbnned at step S4 
(NO), the CPU decides whether a fwnedetermined time has elapsed after the 
^>ecimeninrtrodLKingvol^ Ifthepredetemnined time has 

not elapsed yet (NO), the process retums to step S4. Otherwise (YES), the CPU 
87 control th« high-voltage supplyhg part 109 so as to stop voltage aw)ricalion, 
thus making a shift to a recovery routine or the next execution nrKxIe. 

if it IS decided that as diown bi the expancfed dagram of the intersection 
10 in no. 7 thQ specimen cSsbibution is lOTfbmried in the q3ecimerr-introducing 
pas^ge 1 1 arKi also is decided as unifcymed at step S4 (YES), the high"vdtage 
SLppl^ngpart 109svwtchesthevoHagiBsappfiedon^ 15a, 15c. 15s, 

and 15w to apply an electrophoretic vottag^ for spedm^ separation, thus starting 
eiectrophoretic nrugraticMi of the sp^^en (step S6). 

In this case, the CPU 87 is continuously enga^d in the monitoring of the 
^>TCimen cfistribution in the spedrrwrHnrtrodudng passa^ 11 leingthe morftor 
optical s^tem 89, to decide whether the ^jedmenpres^Tt at the intersection 10 
is Ejected into the separation passage 13 (step S7). 

If it is decided that ti^ specinr^ is not yet inject^ into the sepa^tion 
passage 13 at step S7 (NO), the CPU 87 controls the high-voltage allying part 
109 to stop voftage application, thus making a shift to the recovery routine or the 
next execution nrKxte. 

When It is ctecided that the q^ecimen is already injected into the 
separation passage 13 at step S7 (YES), apr^ication of the dectroii^ioretic vdtage 
is continued to separate the specimen for electrophoretic migratioa 



23 



The debecting qjrtical system 105 is used to det^ the specimen that 
has arrived at the ctetBction fx>siti(»i (step S8). 

The operations shaD be descr3>ed as ftrilovy^ after it is confimried that 
the specimsi is already injected into the separation passage 13 at st^ S7, Ihe 
5 movable mimor 75 is moved to the brokenHine position to apply an excited li^ 
from the beam expander 73 onto the reflecting minxr 91. The excited fight from 
the beam ^(pander 73 b reflected by the reflecting mirror 91 and rr^de inctdent 
into the ctetecting optical system 105. The excited light from Ihe movable 
reflection tmror 75 is reflected by the cfichrwc minnor 93 toward the surface of 
ID thediip 1 and thai corrverged by the objective 1^ 95 to be appBed frrm t^ 
p surface side of the chip 1 to the detection position of the separation passage 13, 
^ The fluorescent light fiwi the detection position of the separation 

jg passage 13 is applied through the elective lens 95 and the dichroic^^ 
J the spectroscopic element 97. The spectroscc^ic element 97 separates the 
^ 15 fhiorescent Eght from the detection position of the separatic^ passage 13, wl^ is 
s then ftxsusedfcr image fonTiation,cmto the CC^ The 

CPU 103 converts a detection signal of the CCD 101 into an image file as data fbr 



f y waveform processing, thus detecting the separated ^cimea 

Q After spedmen separation, the high-voltage supplyir^ part 109 stops 

?^ 2D supplying the voltage. 

Thus, by using the mcMTitor optical system 89 provided to the apperatus, 
to monitor a specimen dstrfcution in the specenenHntroducing passage 11. 
especially aroLmd the oitersection 10 between the specim«r-introcticing passa^ 
11 and tf^ separation passage 13. rtispossbieto deddeat step S4of RG. 6 
25 whether a suflRdOTt amount of the ^)ecimen is introduced to the intoi^ction 10 
whoi a voltage is aj^Bed on the nesovoirs to move the spwimen th^, so that if 
it is cbdded that a suffidait amount of the ^)ecimai is rK>t irrtroduced at the 
intersection 10 yet. the measto^ent can be stopped to thereby improve the 
refabirrtyofthe measurement results. Further, at stqD S8 in HG. 6, it can be 
30 decided whether the specinr»i present at the irrtersection 10 is introduced into 
tiie separation passage 13 in dectrophoretically migration, so that if it is not 



migrating elech^horetic^ measui^ent can be stopped to iirp^ 
reliabifity of the measurement resufts. 

As in the onbocfimaTt shown in RG. 5, by provi<fingthe 
specimen-introducti<»i monitor mechanism and the detjecting mechanism with 
fiuorescaTtrBght detecting optical systems and also provicfing these 
fkjorescent-Gght detecting optical systems with an excitation light source common 
to them, the apparatus can be minimized and reduced in costs as well as runnoTg 
costs as compared to a case where it is provided each of tteu The possble 
aspect, however, is not Dmited to the above, an excitation ^Tt scxirce may be 
provided for each of the monitor optical system 89 and the detecting optical 
system 105. In tNs case, the movable reflection nrwror 75 and the reflecting mirror 
91 becctfne unnecessary. 

Also, although in the embodimerTt of Ra 5 the monrtor optical system 89 
constituting the sample-injection monitor mechanic covers aD over the 
^3ecirTierHrTtroductiOT passage 11 and the separation passage 13for detection, 
the irivention is ndt limited to it; for exanrple, th^ spedmerrintroctiction monitor 
mechanism may only need to cover, for detectioa part of the whde of the 
qTedmenroitrockiction passage including the interswtion between the 
spedmenrintrockiction passage and the separation passage. 

Tlie electroirfToretic diip lis ajvfi^ 
tiierein by one separation passage 13 or many separation passages 

RG. 8, similar to RG- 2, shows top vievy^ for showing an elecbxphoretic 
chp in v^ich many separation passages are fonmed 

The electrophoretic chp 2 is comprised of one pair of sidjstrates 2a fidid 
2b made of a transparent inorganic material (e^ glass, quartz, silicon) or plastia 

On the surface of one sid>strate 2b are fomied eight pairs of 
specimen-introduction pa^a^ 4 and operation passages 6 mutually 
intersecting using a semicorxkidw photolithographic technology or a 
micro-rnachining technology. Each pair of th« passage 4 and 6 are arranged in a 
sector shape with. usir\g a pivot, one end ^de of the separation passage 6 op(K)site 
to the dde intersecting with the specimerHnrtroduction pass^ 4, thus avdcOng 
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intersecting vvithti^ The specinienHnfrDcluction passage 

4isfbnTiedh<X5k--shapedtorediceth area of the chip Z 

The other sid:>sti^ 2a has through hole^ 
8a, a cathode reservoir 8c, a ^edmen reservdr 8s, and a vraste resovoir 8w at 
5 the positions corresponcfing to the ends oftte passages 4 ard 6. The reservoirs 
8c, 8s. and 8w are provided fix each pair ofthe passages 4 and 6. Theanode 
reservoir 8a Is common on the side of one end oF the sq^aration passage 6 of each 
pair on the ^e of the pivot in the sector^-sh^ an^angement 

The chip 2 is used in a state where both of its ^jbstrates 2a and 2b are 
ID connected on one another. In the chip 2, a position where a separated specimai is 
detected is near one emJ of tte separation passage 6 of each pair on the side of 
%3 the pivot in a sectors-shaped arrangement 

f| V\Aien nrreasur^ent is conducted by mountir^the diip 2 on such an 

''i electrophoretic qsparatus as shown in RG, 5. the electrode 107 of the apparatus 
Cn 15 needs to be provided corresponding to the arrangement of the reservoirs 8a, 8c 

8s, and 8w. Furthermore, as for the detecting optical system 105, for example, 
H along an optical path between the reflecting mirror 91 and the dchroic mirror 93 
fij must be provided with aich a beam scarining el«Ti«Tt as a galvarKJ-niinw 

Fl I 

Lr to thereby scan an excited light at a linear detectiai positioa arKi the 

M 20 specbDscopic element 97, the lens 99 and the CCD 101 must be diar\ged to 

tho% aiabling detecting whib cfiscrimir^ting betweai the ei^ s^)aratbn 

passages 6. 

By using in electrophoresis, the electrophoretic apparatus shown in RGL 
5 thus nfKxfified correspondng to chv> 2, it is possble to use the monitor optical 
25 system 89 to wonitar a ^>ectnen cGstr&ution in the ^)ecirT)erHntrodLK:tion 
passage 4 and the electrophc^Btic migration of tiie specimen toward the 
separation pass^ 6. 

RG. 9 is a graph illustration for showing a ctetection sigrial obtained whm 
the specimai is labeled with four kinds of fluorescent materials with different 
30 v\ravelengtiis and separated and detected by the chip 2. The horizontal axis 
(x-axis) incficates the No, (chanriel No) of the s^)aration passage 6 and the 



VQticd a)ds praxis), fxir kinds cf spectra In RG. 9, the detection signals of the 
four s^danation passages 6 are indcated. 

In RG. 9, a circle gives an intaisrty of a separated fluorescent light at a 
detect^ portion th^neof. The black circle, the dotted circle and the white crcle 
hc&cate the intendties of the detection ^gnais in order of intercity in each channel 

Diffi^ient specimens are injected into the sp^)in»i reservoirs 8s of tl^ 
chip 2 and a voltage is applied to these reservoirs to thereby guide these 
^)ecimens to the inber^ction between the specimen-introduction passage 4 and 
the separation passage 6 of each pair and then api:^ electrophoretic vdtages on 
these reservoirs, thus injecting the specimens present at the BTtersection into the 
separati<»i passage 6. In each ofthe operation passages 6, the specimen is 
sqDarated and electro|:dioneticaIly nriigra^ The 
specimen components ttet were separated and arrived at the detection position 
are identrfi^ using the four kinds of flucunescait materials. 

RG. 10 is a schematic ccMifJguration diagram ft^ diowing another 
enribodiment of the electrophoretic ^i^Daratu The 
electTDphoretic chip 1 diown in RG. 10 is the same as that shown In RG, Z The 
same elements as those of RG. 5 are indicated by the same refermce numerals 
and so omitted in description. 

On the chip 1 1s heW the chip hdc&Tg station (not showrt The excitation 
Ightr-sairce laser device 71, the beam expancter 73, the CPU 103, the 
separation-peak detecting optical system 105 Cndudng the reflecting mrrar 91, 
the cfichroic minor 93, ihe ot^j^^tive lens 95, the spectroscopk; element 97, the 
lens 99 and the CCD 101). the electrode 107 and the high^ltage sn)plyingpart 
1(Wane the same as th(^ofthe embodiment of RG. 5. The electrodes 107 
conn^x)ncfrig to the specimai reservoir and the waste reservoir are omitted in 
ti^figMre. Also,thereflecthgmim>r91 maybeonriittedtoinjectanexcil^ 
from the bram expander 73 cfirectiy to the cfiduioic mimor 93. 

An LED 1 19 is disposed as the excitation Eghtrsource at a position 
conesponcfing to an intersection between the ^:)ednrienHntrodiK:tion passage 1 1 
and the s^saration passage 13 on tl% surface side of the AstheLED119 
a blue LED, for example, may be used vwth an epilation frequency of 480 nra The 



LED used in the iiwentkxv ho^ and such an LED 

that ©nits other colors, that is, lights of other wavelengths may be used 

The s|»ctrc^5opic fflter 81 is disposed at a position comesponcfir^ to the 
intersection between the spedmaHntroduction passage 1 1 and the separation 
passage 13 on the backside surface of the dip 1. The spectroscopfc filter 81 
transmits only such a light component that has a prectetermined fluorescent 
vravelengthof afb<»Tescentlightfromarom lOofthechp 1. 

The specifications of the spectroscopic fitt^ 81 are determine by the fluorescent 
material used in labeling of the specimen and the wavelength of an excited light 
emitted bythe LED 119. 

Along an qstbal path for the fluonescoTt Bght, which passed thnxigh the 
spectroscopic fifter 81, is provided the bis 83 for fiocusir!& for image fi»maticn 
the fluorescent Bght on a light recdwtg surfiace of the CCD 85. 

To the CCD 85 is connected the CPU 87 for controlling the operations 
of the CCD 85 and processing its ctetection signal 

The LED 119. the spectroscopic filter 81, the lens 83 and the CCD 85 
constitute a ^Dedmerrinjection monitor op^ The nrwritor optical 

system 89a deb^iAs a fkiorescent label around the ffttersedion between the 
specirTien-M7oductic»i passage 1 1 and the separation passage 13 of the chip 1 to 
thereby detect a spedmen dstrflxrtion in the |:»ssages 11 and 13 near the 
intersection. 

The LED 1 1 9, the monitor optical system 89a. and the CPU 87 
constitute the specinrwr-injectiw morutor mechanisra 

In this embodiment, when a voltage is being appEed on the r&s^voirs to 
guide a ^)ecim^ iriiected in the specimen resavdrto the intersection, the LED 
119 is turned ON to then use the monitor opticd system 89a in order to moiitor a 
^Dedmen dstrflxition in the q^roimen-introductiai passage 11. especially, around 
the intersection between the specimerrintroduction passage 1 1 arxJ the 
s^aaration passa^ 13. This enables. B^e in the embocBment of RGL 5, dedcfing 
whetfier a arfficient amount of the qjecimen is already introduced to the 
intersection, thus irrpDving the reliabifity of the measurement result 
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The embocfiment of RG. 10 can be ^Dplied al^ to a stngfe-nchannel 
dectrophoretic chip and a multi^^ I d^rtrophonetic chip. For example, >Mien 
the chip 2 shown in RG. 8C is u^d, by amanging eight LEDs side by ade 
corresponcfing to podticais of the intersectiwis between the 
spedmenrintroducdon passagea 4 and the separation passage 6, it is possble to 
^ly an exdted Gght to each of the intersectior^ thus monitoring a spedmen 
distrfcution at the intersectiona 

Although in the embodknent of RG lOthe LED 119 is cfispc^ed 
comesponcGngtothe podticxi of the intersection between the 
specimen-introduction passage 1 1 and the separation passage 13 of the chip 1 to 
apply an excited light from the LED 1 1 9 dnectiy to the intersection 1 0, a 
convergence lens ws^ be cBsposed between the UED 119 and the chip 1, for 
exarrple, to ai:^ly the excited light from the LED 119 therethrough to the 
intersection or, h the configuration diown in RG 5, the mo\^le reflectiOT mirror 
75 may be omitted and, instead, an LED may be cEsposed on the dde of the lens 
77 opposite to the cfichnoic mirror 79 to thereby apply an exerted light from the 
LED through the lens 77 and the dchrdc mirror 79, this afplyoig the exdted light 
from the LED through the opticd system to the c^ 

Such an embodiment of RG 10 that is provided with the detecting 
optical system udng an LE) as its light source can redice the cost of the light 
source itself and hence the costs of the specimen-injection nrxxiitor mechanism. 
FurthemwB, by anwiging an LED amay comesporKfing to a layout at a dte where 
the specinr^ is irgected there is no need for a complicated opticd system for 
illumination, thus OTablang furtlw reducing the costs of the specimar-injectiai 
monitor medwii^ 

The electrc^>horetic chp that can be used in an electrophoretic 
aw)ara4usaccorc&igtothe enr4)0€fiment of RGS. 5 and 10 is not Brrited to such 
that l^s one passage fbnried as intersecting with the s^)ar^ For 
example, it may be sudi an electro|:^oretk: chip that has formed th^ndn a 
sqsaration passage with no bitersection with any other passages, that has a 
plurality of passa^ intersecting with each other as the separation pas^ge, that 
has a brge dze, or that has any other various designs of the passage. 



Corre^xjTKfing to the design cf the passa^ iectir^oretic chip, however, 

it is necesMry to mocfify the voltage awMng medTanism, the ctetecting 
mecFaiism and the specimar-injection mordtor mecharian 

^thwgh 01 the «Ti>oc&nent diown In RGS. 5 and 1 0 the 
specimen-BTjection monitor mechanism and the detecting mechanism use a 
fluorescCTt-Bght detectii^ optical systen^ 

place of the g^edmerrvijection monitor mechanism and the detectoTg medianism, 
any other mechaniOTi using an absoiptio-metric or electric-widictivity method 
or the like may be utilized 

By provic&Tgan eleotrophoretic chip used with mutually intersecting 
spedmen-bijection passa^ and separation passage as its passages and i^ing a 
voltage supplying mechanism to a|:^3iy a voltage for guidhig a spedm^ to an 
intaisection between the spedmenHnjection and separation passages so that if, 
sii>se€|uentiy, the specinDen (fistrS>ut]on is not unifbmned yet even after a 
predetemnined time has elapsed within a predetenmined range along the 
^Decimen-iiiectlon passage detected by the spedmenHnjection morAor 
medisnism, a contrd part further provided may once stop the ^qpparatus, and it 
can be decided autemiatically vs^ether the electrophoretic rrugration of the 
^3ectmen is acceptsdble, tiu^ controlling that migratioa 

Although h the enrdxxfim^its shown in RGS. 5 and 10 the CPU 87 and 
the CPU 103 are provided for the monitor optical systems 89 and 89a and the 
detecting optical sv^tmi 105 respectivdy, one CPU may be used to perform the 
functions of both the CPU 87 and CPU 103. 

By the enr^bocfiments shown in RGS. 5 and 1 0, it is also pos^e to 
cfiscussthecofKfitiorisfbrirsecthgthespecimea By changbigthetemperatLflTeof 
the diip 1 . the vdtages fed to the reservoirs by the hlgh^ltage supplyir^ part 
109, arKl the time lapse for the voltage appGcation m these reservoirs, a specimen 
dstribution in the spedmenHnArodiction passage 11 can be monitc^ using the 
mcNiitor opticd system 89 or 89a und^ various condition This enables 
cfiscussing qjtimal irgection condtiona 

ConventionaBy, manial operations have been leed to fill the nrricro-tdip 
with an dectrophoretic mecfium, to remove the dectrophoretic medum from the 
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reservdr, to mjMt a ^DecimOT and a buffer liquid into the reservoirs, to remove the 
^>ecimen from the neservoirs after irrjected in the separation passage, and to oiject 
the Ixiffer liquid into the reservoirs after the ^)^^ These operations, 

howevw; are very troubiesome for the operator who must do them by hand using a 
5 syringe and the I3^e. 

An erritxxfimerrt of the electrophoretic apparatus to solve this |»x)blem 
by automating those op^^tions shall be shown in RG. 11. RG. 11 is a perspective 
view for showing a schenatic configLratiai of the embodinent The 
electrophoretic chip 1 is the same as that showi h RG. 2, in which it is incficated. 
ID however, as having one sq>fflTation passage and one spedmenHntrodiction 
Q passage which intersect with each other in order to make the descrption srmpla 
^ A chipHrolding medianism (not shown) is provided to hold the 

Cp electrophoretic dnsp 1, so that the ch?) 1 held thereon is moved by a moving 
mechanism provided to the chipHToldIng mechanism in an amow direction 111 
^2 15 between positions A, B, and 0 in the figire. 
= Above the positiOT A is provicfed a port 113 for sucking an 

electrophoretic medium and irijectrig a buffer liquid The port 1 13 bidudes a 
[U rK>zzleHixingmerTiber 115 andfbir pairs of a aictipn nozzle 117 and a discharge 
Q nozzle 119 wNch are fixed to the member 115 corresponcErig to an arrangement 
^^^20 theres«^irs 15a, 15c, 1 5s, and 15w when the chip 1 is positioned at the position 
A The suction nozzte 117 and the (fecharge nozzle 119 are connect^ 
independent syrinx (not shown) respectivdy. Furtiiermore, the port 113 is 
provided with an elevation mecharian (n<* shown) for lifting/bwerBTg tte merrier 
115 in an arrow cfirecbon 121 oi tiie figure. The elevation mecharnsm iowa^ the 
25 meni}er115sothattlietq3softherK>zzles117and119iTiayadv^^ 
reservoirs 15a. 15c, 15s. and 15w when the chip 1 is at the posWon A 

The electroiirfwretic medium-suGtiorrand- buffer Bquid-injectiai port 
113. the syrir\ges, and the elevation mechanism coistitute an electrophoretic 
mecfcjm-suctbn mechanism and a buffer BqiddHnjection mechanism. 
30 Asthenozdes 117 arKi 119 a resin-inade capillary, fix exanrpte^rnayte 

used The nozzles 117 ard 119, however, are not fimited to a resin-nnade^ 



for exami:^, such a capilbry may be used that is made of any other materials ^ch 
as glass cap3lary. 

Above the position B are provided a ^}ecirron loacfing syringe 123 
constituting the specimen-injection rrod^iOTi and an electrophoretic-medum 
loading port 1 25 constituting the electrophomtic-medumHnjecti mechanism. 

spedmenHnjecticMi mechanism includes the syringe 123 provicted 
coresponcfingto a po^'on of the q>^:imm reservdr 15s when the chip 1 is 
positioned at the portion B, a mowig mechanism (not shown) for moving the 
syrir^e 123 ri a three-dimensional drection (see an anew 127 in tiie figure), aruJ a 
cylinder diving mectenism (pdt shown) for permrttingthe syraige 123 to be 
engaged in sixticxi and cfischarging lliesuction/cfechargeopenirigofthesyririge 
123 is permitted to advance into the specimen reservdr 15s by the moving 
rmchanism constituting the spectmerHrgection mechanism when the chq3 1 is at 
the position B. 

The port 125 is connected to a syringe (not diown) for containing an 
dectrophoretic medium and is F»x)vided with a nozzle 131 givai corresponding to a 
position of the anode reservdr 15a vh&n the chip 1 is portioned at the position B. 
At the tip of the nozzle 131 is fxovided a seal member 133. The 
dectrophoretic-medium ir^ecting mechaniaii is comprked of the port 125, a 
syringe for pushfaig out an electrofrfioretic medum of the rKizzle 131, and an 
de\^on mecharwsm (not shown) for liftin&^owOTig the port 1 25 in a drMtiai 
indcabed by an amow 135 in tf^ figure The eb\^on mechanism lowers the port 
125 when tfte chip 1 is at the position B,tKis bringing the top of the nozde 131 in 
coritact with tl^ anode port 15a thrcHigh the sed mem^ 

Atxve the position C is provided an electrode port 137. The port 137 is 
jprosAd^ with an electrcxJe fixaig member 139 and four electrodes 141 fixed to the 
merTd:)er139 correspondng to an arrangement of the reservoirs 15a, 15c, 15s, and 
15w when the diip 1 is positioned at the position C. The electrodes 141 are 
connected to the Ngh-voitage supplying device (fKTt sho^ Furthemiore, the 
port 137 is provided with an elevation medianism (tk* shown) for lifting/lowering 
the member 139, lifting/lowering the member 1 15 in a drection irxScated by an 
arrow.143 in the figure. The electrode port 137, the hi^r^dtage sipplying device. 



and the devation mechanism con^^ This 
elevation mechanism lowers th meiiterlSSsothatthetipsofthedectrodes 
141 may advance into the reservoirs 15a. 15c 15s» and 15w respectively when the 
chp 1 is at the portion C. 

Below the positicMi C is provided a detecting qatical system (detects^ 
mechanism) 145. The detecting optical system 145 applies a detection Bght 147 to 
a detection position along the separation passage 13 between an intersection and 
the anoctereservdr 15a when the cWp 1 is at the position C to tiweby detect a 
separated specimen based on a ultraviolet absorbance amount 

The chip holcEng mectenism, the electrophoretic-meclum 
suctiorr-and4)ufferHiquid injection port 1 13, tfie specimai irijection medianism, 
and the electrophoretic-mediLffn injection mechanism, ttie voltage suK)lying 
mechanism, and the detecthg optical system 145 are controlled by tiie control 
part (not shown). 

HG. 12 is a flowchart for showing an example of operations of this 
embodiment Those (^eratioris of this enribocfirnentshaD be desert 
reference to HGS. 11 and 1Z Here, the electrophoretic medum to be wployed 
-contans an orgar^c politer (hoTeinafter ablreviated as polymer). 

The chip 1 \s positioned at the position B (step SI). 

The electrophoreticr-mecSum loading pert 125 is lovvered to pemnitthetip 
<^ihe nozzle 131 to come in contact with the anode reservoir 15a of the chp 1 
thrcxigh the seal member 133. A polymer contained in tiie syrinx is pi^d out of 
it and injected under pres^jre through the nozzle 131 and the anocte reservdr 15a 
into the channel and tiie reservoirs 15c 15s, and 15w of the chip 1. When the 
pdymo^ comes out from all of the resavoirs 15c, 15s, and 15w, the injection is 
ended (step S2). 

The electrophonetic-mechim loadng port 125 is Bfted ted^ to move tiie 
chp 1 to the position A (step S3). 

The electrc^^Toretic-mecbim suction-and-buffer liquid injection pat 113 
is lowered to poTTHttte nozzles 117 and 119to advance into the polymer 
contained in the reservoirs 15a, 15c, 15s, and 15w. The suckir« mechanism friked 
to the Miction nozzle 117 operates to sud^thrcHighth suction nozzle 117 tte 
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polym«^ contained h the resQvdrs 1 5a, 1 5c J 5s, a^^ 
removal of the polymer, the dscharge medianism firmed to the dscharge nozzle 
119 comeq^onding to the reservoirs 15c 1 5s, and 15w operates to inject a buffer 
(ic^ through the dschange nozzle 119 into the reservoirs 15c, 1 5s, and 15w 
5 exceptthe ^jecimen reservoir 15s (sfc^ S5). 

The port 113 is lifted back to move the chip 1 to the position B (st^ 

S6). 

The syringe 123 moves to pemiit the suction/dschange operaig of the 
syringe 123 to advance into the enrpty spedmen resavdr 15s. The syringe 123 
10 stats sucticMi to iriject Hito the specimai reservoir 15s the q^ecimOT sucked into 
□ the syringe 123 from a specimen port (not shown) beforehand (step S7). 

The syringe 123 is lifted back to move the chip 1 tothe position C (step 

The electrode port 137 is lowered to penriit the electrodes 141 to corhe 
^0 15 in contact with the buffer liquid or the specimen contained in the reservdrs 15a, 
15c, 15s, and 15w. A (Miedetemiined voltage is applied via the dectrodes 141 on 

La 

h the buffer Bquid or thte spedmen ccMitained in the reservoirs 15a. 15c, 15s. and 15w 
ry to thereby guide the specimen to the intersection between the 
Q spec^en-introduction pas^ige arKi the separation passage and th^ switch the 
'-^ 20 voltage, thus injectir^ the specinrien into the sq>arati<^ 

The port 137 is lifted back to move the 1 to the podtion A (st^ 

S10). 

The part 1 13 is lowered to patnit the nozzles 117 and 1 19 to advance 
irrto the specoTten or the buffer liqidd cental 15s, and 

25 15w. The sucking mechanism Enked to the suction nozzle 117 correspondngto 
the specimen reservoir 15s op^cites to suck and r^ove an extra spedmen left in 
the q^edmen resavoir 15s through tte suction nozzle 117 (st^ S1 1). After tte 
removal of the q3ecimea the cfisd^lge mechanic linked to the c&scharge nozzle 
1 1 9 correspondrig to the spedmen res^dr 1 5s opiates to iri^ t^^ 
30 liquid into the spedmen reservoir 15s through the dSscharge rxizzle 1 19 (step S12). 

The port 1 13 is lifted bad^ to nrK>ve the chip 1 to the position C (step 

S13). 



The elM*rode port 137 is lowered to permit the electrodes 141 to come 
in contact with the buffer fiquid contained in the reservoirs 15a, 15c, 15s, and 15w. 
A prectet^mined voltage is applied through the electrodes 141 on the r^ervoirs 
15a, 15c, 15s, and 15w to elMtrophoreticaDy separate the specimen injected in the 
s^saration passage, tkis detecting the separated spediron using the detecting 
optical system 145 (step S14). 

Thus, in the embedment of HG. 11, it is possble to automatically 
perfwm all of the polymer irijMtion into the e!ectro|diorBtic chip, the rOTioval of 
the polymer from the r^en^dns, the irjection of the specimen arid biffisr Gc^id into 
the reservoirs, the renKwal of the specimoi from the resavoirs after it is injected 
into the s^>aration passage, the irgection of the buffer liquid into the reservoirs 
after the removal of the specimen, and the separation and detection of the 
specim^ 

HG. 13 is a flowchart for shovving another example of the operations of 
this embocEment The operation of this embedment shall be descrft)ed below with 
reference to RGS. 11 ^d 13. Here, as the electrophoretic mecSum was used an 
inorganic ionic buff^ Qweinafter called electrophoretic buffer). 

The chf) 1 is positioned at the position B (st^ S21). 

The electrophoretic-rnedum loac&ig port 125 is lowered to permit the tip 
of the rK)22le 131 to come in contact with the anode reservoir 15a of the chip 1 
through the seal member 133. The channels arKi the resers^oirs 15c, 15s, and 15w 
of the diip 1 are filled with an electrc^horetic buffierthrough the nozzle 131 and 
the arxxle reservoir 15a from the syringe containirig the electrophoretic buffer. 
When the electrophoretic buffer comes out from aD of the reservdrs 15c 15s, and 
15w, the filGng is ended (stq3 S22). Although in this case the electrophoretic buffi^^ 
is injected from the electrophoretkrmecium bad ng port 1 25, the chip 1 may be 
moved to tlie position A to use the electrophoretic-tr^dium suction and buffer 
liquid injection pc»i 113, the cGsdiarge nozzle 119 and the cfischarge mechanism 
linked to the cG^^harge nozzle 119, thus fiDingthe eiectrophaietic huffier. 

After the electrophoretic-mecBum loacBng port 125 is Gfted bacK the 
syringe 123 moves to permit the suction/cfischarge opening of the syrir^ 123 to 
advarrce to the vicinity of the inlet of the ^)ecimen-introduction passage in the 



specimen reservoir 15s. TTie syringe 123 starts suction to thereby inject into the 
specimen reservoir 15s the specimen sucked beforehand in the syringe 1 23 

specimen port (not shown) (st^ S23). 

The syringe 1 23 is Hted back to move the chip 1 to the position C (step 

s24). 

The electrode port 137 is lowered to pemrA the electrodes 141 to come 
in contact wth the etectrophoretic buffer or specimen corrtained in the re^^ 
15a. 15c. 15s. and 15w. A predetemiined voltage is applied through the elecbiodes 
141 on the dectrxsphoreticlxrffer or spedmen contained in ti^reservran^ 
1 5s, and 1 5w to guide the specimen to the intasection between the 
specDTierr-htroduction passage and the separation passage and then switch the 
voHage in order to biject the specimen Into the separation passage (step S25) and, 
subsequently, electrophoreticany separate the specirnen so that the separated 
specimen can be detected by the detecting optical system 145 (step S26). 

Thus, it Is possble in this embodimaTt to perfbmi ad the injection of the 
electrophoretic buffer into the daArotrfiaietic chip, tiie irnection of the ^aecimen 
Into the reservoirs, arwi the sqsaration and detection of the specimen. 

h this case, the channels of the chp 1 can be desigied arbttrarfly. 

The electrophoretic medum employed here is not particdanly restrictive, 
and it may be any dectrophoretic nriedium such as an electrxjphoretic buf^ 
inorgaruc ionk: buffer such as tris-boric acid, or and corrtains dsn orgaruc pdymer 
SLKh as hydroxyTTietiiyl celkJose, hydroxy-ethyl cellulose or pdy acryharwde. 

Furthermore, the dectrophoretic buffer and the buffer liquid are not 
particubHy restrictive, tris-boric add-EDTA (ethylene cfiamine tetra-acetic add) 
CTBE)-based or tris-TAPS (t^rapentylammonium 

34tris(hydroxymethyl>TiethylaminoH-propanesulfate)-EDTA CrTE)-based ones 

may be used according to the electrophoretic milium or the measurement 

corKfitions employed 

AhhoughintiieembodirentshowninRGL 11 asyrvigeisusedasthe 
ajckirig rnechariiOT cormected to the ajction nozzle 1 17, the Dwention is riot 

limitBd to it for example, any otha' sucking mecharBsm such as a vacuum pump, an 
aspoBtor or the Bke nr^ be used instead 
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Also, although the suction nozzles 117 are connected tx)tiie reactive 
ind^3end6nt syringes, the invention is not limited to it, as fiar as at least the siK:tion 
nozzle 117 fbrthe specimen tBs^oir 15s is connected 

syringe, the suction nozzles 117 for the other reservoirs 15a, 19d, and 15w may be 
5 connected to the common syringe. This holds true also in a case where any other 
sucking mechanism is used in place of the syrin^. 

Although a syrir^ is used as the dscharge mechanism connected to 
the dscharge nozzle 1 19, the awention is not iffnited to it; for exarrple, any otter 
dscharge mechanian sudi as a perister punrp or a pressure-aFqDiication 
ID mechanism by use of air rray be used 
C3 Also, although the discharge nozzles 119 are connected to the 

respective indeperKlait syringes, the invention is riot limited to it; for example, as 
^ far as at least the dschar^nozzte 119 for the spedrr^ reservoir 1^ 
\Q connected to an independent syrir^ the dschaiige nozzles 1 19 for the other 
> 15 reservoirs 15a, 15b, and 15w may be connected to the common syrhge. This 

-fa 

holds taie also with a case where any other cfischarge mechanic is used in place 
tj of the syringe. 

Ly Although in the above-mentioned errixxiiment a syringe is provided for 

Q each oFthe auction nozzles 117 andforthe dischars9 rK>zzle 119, the invention is 

20 not bnited to it, one common syringe and a switching valve for switching it 

between the suction nozzle 1 1 7 and the cfischarge nozzle 1 1 9 in connectim may 
be prwided, to utffize the svwtching of the switchirtg N^lve and the operations of 
the syringe, thus effectuatir^ suction from the suction rx)zzle 117 arKi cBscharge 
frnom the cGscharge nczzie 119. THs holds trxie also in a case where the syrirtge is 

25 nq3laced by any otiier suction/dscharge mechanic 

AithcH^ in tlie endxxfinent shown in RG. 1 1 the detecting mechanism 
employed detects a s^>arated specimen using an ultraviolet absorbing method, the 
inventi(^ is not limited to it, and such a detecting mechanism may be used that 
utiizes any other detecting princple sach as detection by of or^ color or a 

X pluraEty of cdors of ftucxnescerrt lights or detect!^ on scattering of an 

an^Tied detection light Alsa although the det^itirig mechanism enrployed det^^ 
a ^Decima^ at a oner-point detection position, the invention is rKTt limited to it; for 



exanrqDie, ^ch a mechanism rmy be used that detects an im^ v^^thin a 
predetemftined range along the separation passaga 

Although in the embocfrnent of HGL 1 1 the electnophoretic chip nrugrates 
between the rx>dtk>ns A and C, the invention is Smited to it; for example, the 
electrophoretic chip may be fixed to the chip holcEng station so tl^ the 
electrophoreticr-mecfium filfcig mechanism, the dectroplY)retkr-rnecfium suddng 
mechaniOTi, the buffeHicpd irijection medianism, the specimen irjection 
medianism, tiie specimen sucking mechanism, and the voltage stpplyhg 
mechanism (»• a conrttnation thereof rr^ be moved alx)ve or bdow 
electrophoretic chip. 

Although in the errtKxfinerrt of RG. 1 1 the electrc?)horetic chp provided 
with the four reservoirs is used, the inventiai is not Emited to it; for exan^e, the 
invention may be applied to such an electrophoretic chip that is provided with at 
least five reservoirs, that is, many separatioi passa^ 

Furthemwe, althou^i in the embocfiment of RGL 11 the electroj^ioretic 
chp havhg the mutually intersecting specimerHntrodiction passages and 
separation passages fbrnied thereia the invention is not limited to it; for exanr^Je, 
the invention may be applied to such an electrophoretic diip that has fonned 
therein s^>aration passage intersecting witii no passage, that has fom^d therein a 
s^>aration passage irrterseoting with a plurality of passages, that has multipb 
channels, or that has a large size, bi such a case, it is necessary to char\ge the 
nozzle configuration of the electrc?>horetic-mecfium filling mecharusm, the 
electrophoretic-mecBimi ajcWng mechanism, the bufferHicMd iriection mectenism, 
the spedmerr-injection mechanism, and the specim«i arcking mechanism 
accaxOr>g to the arrangemait of the reservoirs. 

Although in RG. 11 ^ich a voltage supplying mechanism is provicfed ti^ 
\b equipped witii the electrodes 141 pemiitted to ad\^nce into the buffer liquid and 
the specimen, the invention is not Ernited to it; for exanpb, sudi a voltage 
^ippiying mechanism may be used that is equipped with electrodes for connection 
to chqa side electrodes, if formed on the surface of the electrophoretic chip, for 
continuity to the reservoirs. 
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The dectrophoretic ^Dparab^ shovvn in HQ 11 is provided with the ch?) 
holcfing mechanism, the dectrophoretic-mec&um fillffig mechanic the specinr^ 
irsection mechanic the volta^ stpplynTg medianism, the detectir^ mechaniOTi, 
and the contrd pait Ibr controllhg these 
5 medianians, thus endDfing autxxnaticdiy f31ing the diip device with an 

dectrophoretic mecfium, irgecting the specimen into one of the reservoirs, and 
separating and detecting the spedni^ 

If it turther irrcludes the electro|:dioretic sucking mechanism for removing 
the dectrophoretic medum contained in the reservoirs and the buffer^quid 

ID injectbn mechanism for iriectnig the buffer Bquid into the reservoirs after the 
electro|:d7oretic meduD is removed therefrom h such a configuration that the 
contrd part cc»itrols the electrophoretic-medium suddng mechanism aid the 
bufferHiquid iniection mechanism so that they may operate automatically in such a 
manner that the electrcv)hc»ietic suckfr\g mechanism would remove the 

15 dectrophoretic medum from the reservoirs ami into the reservoirs from which the 
dectrc^jhoretic mecBum is thus removed, the bufferHiquid irijectron mechanism 
would inject the buffer liquid, even in a case wl^re such an dectrophoretic median 
is used that cannot come in c&ect contact with the electrode for vdtage 
appfication. and a vdtage can be appGed <m the electrt^oretic medkim through 

2D thebufli^Gquid 

Furthermore, by provic&ig the spedm^ injection medianism, the 
electroplwetic-mecium sucking mechanism, and the buffierHiquid injection 
mechanic hdependently of each other, a process of cleaning the rK>zzies. fcr 
exanr^e, can be omitted to tlTereby greatiy reduce the analysis cyde time, tkis 

25 resulting 01 a higher tirouglput 

FurthemrK)re, the reservoirs can be fflled with a buffer Bq^iid 
simultaneously, thus mitigating the influence of a head cfiffianence (>rater head 
dfference), 

ft is possble to preverit an excessive amount of the specmen fnxn bei^ 
30 injected into the passages if a specimen sucking mechanism fw 

specimen left in the r^rvoirs is further provided and dso corrtrdled by the 
contrd part so as to operate automatically in such a manner that after a specimen 



is injected bito the passage when a voltage is appBed by the voltage siqi^lyBig part 
on the reservoirs the voltage appEcatbn is once stopped to operate the ^>ecimen 
sucking nnechar)ism to remove, by suction, the ^^edmen left ei the ^>ecimm 
nes^oir and tt^ the volta^ application is restarted on the reservoirs to 
separate and detect the spedmea 

Furthermore, the specimen irflection medianism and the specimen 
suckbig mechanism are provided ind^^end^itly of each oth^ and the nozzle 
deeuiing process can be omitted to thereby greatly redice the analysis cycte time, 
thus resulting in a Ngher throughput 



